Background: Current practice guidelines recommend the use of ultrasound (US) as an initial surveillance tool for hepatocellular carcinoma (HCC) in patients with liver cirrhosis. Patients with liver cirrhosis, however, frequently have coarse liver parenchyma, masking the presence of tiny nodules during B-mode US. Contrast-enhanced US (CEUS) with Sonazoid has a long- lasting, stable Kupffer phase, which makes it possible to scan the entire liver to depict small lesions. In addition, defect reperfusion imaging (reinjection imaging) enables to determine whether the detected nodule is HCC or not. This prospective, multicenter, randomized, controlled trial was conducted to demonstrate the usefulness of Kupffer phase surveillance in the detection of small HCC compared to B-mode US. Methods: A total of 23 institutions joined this study. In total, 656 patients with hepatitis B-or C-related liver cirrhosis were randomized either to the B-mode US surveillance group (n = 313) or the Kupffer phase CEUS with Sonazoid surveillance group (n = 309). The primary endpoint was the maximum size of HCC at the time of the first detection. Secondary endpoints included time to HCC detection, number of tumors, and Barcelona Clinic Liver Cancer stage at the first detection, and sensitivity, specificity, and accuracy of each method in the diagnosis, and the cumulative detection rate of HCC. Results: The mean HCC size at the first detection was significantly smaller in the CEUS (13.0 ± 4.1 mm; n = 28) than in the B-mode US group (16.7 ± 4.1 mm; n = 26) (p = 0.011). Of the 38 patients with HCV cirrhosis diagnosed with HCC by US alone, mean tumor size at the first detection was significantly smaller in the 20 patients diagnosed by CEUS alone than in the 18 diagnosed by B-mode US alone (12.7 ± 3.1 vs. 17.6 ± 7.0 mm, p = 0.012). In contrast, among the 16 patients with HBV cirrhosis diagnosed by US alone, mean tumor size at the first detection was similar in the 8 patients diagnosed by CEUS alone and the 8 diagnosed by B-mode US (13.6 ± 6.0 vs. 14.5 ± 2.7 mm, p = 0.715). Conclusion: Kupffer phase CEUS surveillance with Sonazoid is extremely useful for the early detection and confirmation of HCC using a reinjection technique. Kupffer phase CEUS with Sonazoid contrast combined with the reinjection technique is, therefore, recommended as first-line screening tool for HCC in patients with liver cirrhosis, especially those with very coarse liver parenchyma.
Introduction
All current practice guidelines, including those of the American Association for the Study of Liver Diseases (AASLD), the European Association for the Study of the Liver (EASL), the Asian Pacific Association for the Study of the Liver (APASL), and the Japan Society of Hepatology (JSH), recommend the use of ultrasound (US) as an initial surveillance tool for hepatocellular carcinoma (HCC) in patients with liver cirrhosis [1] [2] [3] [4] [5] . Patients with liver cirrhosis, however, frequently have coarse liver parenchyma, which mask the presence of tiny nodules during B-mode US.
Sonazoid is a US contrast agent that provides superb real-time vascular imaging and long-lasting stable Kupffer phase imaging, lasting for more than 60 min, and thus enables multiple scans of the entire liver [6] . The favorable features of Sonazoid allow its reinjection at the Kupffer phase and its use for surveillance of patients with liver cirrhosis [7, 8] . Sonazoid has been approved for use in Japan, Korea, Taiwan, China, and Singapore as an ultrasound contrast agent, but it has not yet been approved in Europe apart from Norway [9] .
In the surveillance setting, the diagnostic criteria for HCC differ for B-mode US, contrastenhanced US (CEUS), and contrast-enhanced CT/MRI. The characteristics of HCC on B-mode US include a mosaic pattern, halo, and septum, whereas the characteristics of HCC on CEUS include a defect in the Kupffer phase 10-60 min after injection and arterial enhancement following reinjection of Sonazoid at the Kupffer phase. In comparison, the characteristics of HCC on contrast-enhanced CT/MRI include arterial enhancement with venous washout. Comparing CEUS with contrast-enhanced CT in patients with HCC, the characteristics of CEUS were found to be clearer than those of dynamic CT due to arterial enhancement with Kupffer defects [10] .
Although CT and MRI may be more specific than B-mode US in detecting HCC, the former methods are more expensive, especially for the surveillance of cirrhotic patients [11] . In addition, CT and MRI are regarded as diagnostic, not as screening, tools. For cirrhotic patients, CT/MRI is covered by the insurance in Japan but not in other countries. The HCC practice guidelines developed by the JSH recommend that surveillance consists of US examination and tumor marker assessment (AFP, DCP, and AFP-L3) every 3-4 months and dynamic CT or MRI every 6-12 months [3, 5, 12] .
A previous study found that 16 of 292 (5%) small hypervascular HCCs, ranging from 6-13 mm in diameter, which were not detected by B-mode US, were detected by Kupffer phase CEUS surveillance [13] . In addition, the rates of intrahepatic metastases and microvascular invasion after curative treatment are proportional to the diameter of the primary HCC [14] . Thus, Kupffer phase CEUS with Sonazoid may be a better surveillance tool than B-mode US for identifying small lesions. We, therefore, compared CEUS and B-mode US surveillance in cirrhotic patients at very high risk of developing HCC.
Methods
A total of 656 Japanese patients with HBV-or HCV-related liver cirrhosis considered at very high risk for HCC development were enrolled. Patients were included if they were aged > 20 years; had HBV-or HCVrelated liver cirrhosis (confirmed by liver biopsy or radiologically); portal hypertension or platelet count < 130,000/mL; and no history of HCC; and if they provided informed consent. Patients were excluded if they had a history of hypersensitivity to egg yolk, severe liver dysfunction (AST, ALT, or bilirubin > 10× ULN), cirrhosis associated with HCC, and treatment with interferon, and were aged < 20 years or judged inappropriate for inclusion by the study investigator. In addition, women with confirmed or suspected pregnancy and lactating women were excluded. Patients were randomized 1: 1 to B-mode US (n = 313) or Kupffer phase CEUS (n = 309) surveillance. Patients were stratified into those with HCV cirrhosis, those with HBV cirrhosis treated with a nucleoside analogue, and those with HBV cirrhosis not treated with a nucleoside analogue. Surveillance consisted of B-mode US or Kupffer phase CEUS every 4 ± 1 months and CT/MRI every 8 months. Patients in the CEUS group were scanned during the Kupffer (postvascular) phase 10-40 min after Sonazoid injection. Only if the Kupffer defect is depicted, reinjection of Sonazoid was performed to confirm HCC.
Study Endpoints
The primary endpoint of the study was the maximum size of HCC at the first detection. Secondary endpoints included time to HCC detection; number of tumors, and Barcelona Clinic Liver Cancer (BCLC) stage at the first detection; ability to diagnose HCC; the sensitivity, specificity, and accuracy of diagnosis; and the cumulative rate of HCC detection. 
Statistical Methods
Significant differences in tumor size between the CEUS and the B-mode US group at the time of HCC detection were assessed by determining whether the sizes were normally distributed. Normally distributed data were compared by Student's or Welch's t test, whereas nonnormally distributed data were compared using the Mann-Whitney U test. The sensitivity, specificity, and accuracy of the diagnosis and the cumulative rate of HCC detection were analyzed.
The time from study start to tumor detection in the CEUS and the B-mode US group was assessed using the Kaplan-Meier method and compared by log-rank test. Tumor numbers and stage at the first HCC detection were compared using the Mann-Whitney U test. Patient overall survival was assessed using the Kaplan-Meier method and compared using the same log-rank test.
Results

Patient Disposition
Of the 656 patients randomized, 203 (30.9%) had HBV-and 453 (69.1) had HCV-related cirrhosis. Patient disposition is shown in Figure 1 . Baseline characteristics of the B-mode US and the CEUS group are shown in Table 1 . The two groups were well matched with no significant differences in any baseline clinical or demographic characteristic. 
Diagnosis of HCC
Of the 656 patients, 95 (14.5%) were diagnosed with HCC during the study period, including 43 diagnosed in the B-mode US surveillance group and 52 in the CEUS surveillance group; 41 patients were diagnosed by CT or MRI before B-mode US or CEUS was performed. Therefore, in order to exclude potential bias, these 41 patients were excluded from the final analysis. Of the 26 patients diagnosed by B-mode US alone, 18 had HCV-and 8 had HBVrelated cirrhosis; however, of the 28 patients diagnosed by CEUS alone, 20 had HCV-and 8 had HBV-related cirrhosis. Mean examination time for B-mode US was 16.2 min, whereas mean examination time for a Kupffer phase scan was 6.6 min. When reinjection was performed for lesions showing the Kupffer defect, mean examination time was 12.3 min.
Assessment of Primary Endpoints
Mean tumor size at the first detection in the B-mode US and the CEUS group showed that HCC size was significantly smaller in the CEUS group (13.0 ± 4.1 mm; n = 28) than in the B-mode US group (16.7 ± 4.1 mm; n = 26; Fig. 2a ) (p = 0.011). Of the 38 patients with HCV cirrhosis diagnosed with HCC by US alone, mean tumor size at the first detection was significantly smaller in the 20 patients diagnosed by CEUS alone (12.7 ± 3.1 mm) than in the 18 diagnosed by B-mode US alone (17.6 ± 7.0 mm; p = 0.012; Fig. 2b ). In contrast, among the 16 patients with HBV cirrhosis diagnosed by US alone, mean tumor size at the first detection was similar in the 8 patients diagnosed by CEUS alone (13.6 ± 6.0 mm) and the 8 diagnosed by B-mode US (14.5 ± 2.7 mm; p = 0.715). 
Secondary Endpoints
Of the 26 patients diagnosed with HCC by B-mode US alone, 24 had 1 nodule and 1 patient each had 2 and 3 HCC nodules at the time of diagnosis. In comparison, of the 28 patients diagnosed with HCC by CEUS, 25 had 1 nodule, 2 had 2 nodules, and 1 had 3 nodules at the time of diagnosis. Child-Pugh grade and BCLC stage at the first detection of HCC were similar in the B-mode US and the CEUS group ( Table 2) . The annual incidence rates of HCC were 5.5% per year in patients with HBV cirrhosis and 7.1% per year in patients with HCV cirrhosis (Fig. 3) .
At a median follow-up period of 2.97 years (95% CI, 2.85-3.08 years), the median times to the first HCC detection were 4.17 years (95% CI, 4.05-4.29 years) for B-mode US and 3.51 years (95% CI, 3.41-3.61 years) for CEUS (p = 0.786). At the same median follow-up period, median overall survival was 4.41 years (95% CI, 4.34-4.48 years) for patients in the B-mode US group alone and 3.72 years (95% CI, 3.41-3.77 years) for patients in the CEUS group alone (p = 0.785). Initial treatments at the first detection of HCC were similar in patients diagnosed by CT/MRI, B-mode US, and CEUS (Table 3) .
During the surveillance period, 19 of the 656 patients died, 4 of liver failure; 4 of pneumonia; 2 from traffic accidents; 2 of spontaneous bacterial peritonitis; 1 each of cerebral infarction, lung cancer, rupture of esophageal varices, sepsis of unknown cause, and malignant lymphoma, and 2 of unknown causes. There were no protocol-related deaths or deaths from HCC.
The sensitivity, specificity, accuracy, and positive and negative predictive values for the detection of HCC were 100, 96.1, 96.4, 71.8, and 100%, respectively, for CEUS, compared with 65.4, 96.9, 94.2, 65.4, and 96.9%, respectively, for B-mode US. The gold standard for sensitivity/specificity was set as hallmark findings by dynamic CT/MRI at the cutoff point. However, 
